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… let’s talk about the process of designing them

Instead of hoping to auto-generate our academic figures…



The process of graphic design is a 
multi-objective optimal control problem

Claim:

i.e. sequential decision-making problem! 



Thinking of it this way:

The process of graphic design is a 
multi-objective optimal control problem

1. Reduction to a known problem: Makes the daunting 
challenge of design more “familiar” 

2. Reward design: Lets us think about what objectives we 
seek to optimize with our designs

3. Approximations: Lets us derive practical design heuristics 



Formalizing the Graphic Design Process



𝑥state the design you see

xaxis
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xi
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You 
(the designer)



𝑥state the design you see

xaxis

ya
xi

s

control 𝑢

You 
(the designer)

∈ {𝑐ℎ𝑎𝑛𝑔𝑒𝑓𝑜𝑛𝑡, 𝑐ℎ𝑎𝑛𝑔𝑒𝑐𝑜𝑙𝑜𝑟,

                            𝑎𝑑𝑑𝑙𝑖𝑛𝑒 , 𝑎𝑑𝑑𝑡𝑒𝑥𝑡, … }



𝑥state the design you see

xaxis

ya
xi

s

control 𝑢

dynamics 𝑥𝑡+1 = 𝑓(𝑥𝑡 , 𝑢𝑡)
xaxis

ya
xi

s

𝑢𝑡 = 𝑐ℎ𝑎𝑛𝑔𝑒𝑐𝑜𝑙𝑜𝑟

You 
(the designer)

𝑥𝑡

𝑥𝑡+1

∈ {𝑐ℎ𝑎𝑛𝑔𝑒𝑓𝑜𝑛𝑡, 𝑐ℎ𝑎𝑛𝑔𝑒𝑐𝑜𝑙𝑜𝑟,

                            𝑎𝑑𝑑𝑙𝑖𝑛𝑒 , 𝑎𝑑𝑑𝑡𝑒𝑥𝑡, … }



You 
(the designer)

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

sequence of design 
decisions



You 
(the designer)

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

Information density 
of final design

xaxis

y
ax

is



xaxis

y
ax

is

You 
(the designer)

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

Information density 
of final design

xaxis

y
ax

is

xaxis

Info 𝑥𝐴
𝑇  <  Info 𝑥𝐵

𝑇  <  Info 𝑥𝐶
𝑇

A B C

Engineers typically don’t 
have trouble with this ☺ 



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

Viewer's cognitive load when 
parsing the final design

xaxisxaxis
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You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

Viewer's cognitive load when 
parsing the final design

ViewerEffort 𝑥𝐵
𝑇  <  ViewerEffort 𝑥𝐴

𝑇  <  ViewerEffort 𝑥𝐶
𝑇

xaxisxaxis

y
ax

is

xaxis

AB C

y
ax

is

Hard to tell what y-axis is Hard to focus on trends



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

xaxis

ya
xi
s

xaxis

y
ax

is

A C

Viewer's cognitive load when 
parsing the final design

xaxis

y
ax

is

B



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇 − | 𝑢0:𝑇 |

xaxis

ya
xi
s

ViewerEffort 𝑥𝐵
𝑇  <  ViewerEffort 𝑥𝐴

𝑇  <  ViewerEffort 𝑥𝐶
𝑇

xaxis

y
ax

is

A C

Viewer's cognitive load when 
parsing the final design

xaxis

y
ax

is

B

Line colors blend together Hard to read font, line 
color and pattern



Figures from academic papers…

The viewer
Info 𝑥𝑇 − ViewerEffort 𝑥𝑇



Figures from ICRA 2022

The viewer



Vision system High-level planner

SoT

Robot constraints

Robot Controller

𝑥𝑜𝑏𝑠, ሶ𝑥𝑜𝑏𝑠 𝑞𝑑, ሶ𝑞𝑑

ሶ𝑠𝑟𝑒𝑓

ሶ𝑠

𝑠

ሷ𝑞

ሷ𝑞 ሶ𝑞 𝑞

H
R

C
-M

P
C

 
P

la
n

n
e
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∫

∫ ∫

Easier to read font Color highlights the main contribution

Color blocking shows relationships

Optimized figures from ICRA 2022



time

time

1 2 3 4

1 4 7 9

2 6 10

3 5 8

No unnecessary background Color has meaning (agent identity) 

Remove unnecessary words

Optimized figures from ICRA 2022



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

How do we design this reward function?



The viewer

strategic text, more icons

contrasting colors

meaningful colors

reduce “visual clutter”

textbox

readable fontshello hello

𝑙𝑜𝑤 ViewerEffort

alignment, balance-symmetry
You 

(the designer)

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

Relationship between Info and ViewerEffort

xaxis

y
ax

is

B

Info 𝑥𝐴
𝑇  =  Info(𝑥𝐵

𝑇)

ViewerEffort 𝑥𝐴
𝑇  <  ViewerEffort 𝑥𝐵

𝑇

xaxis

y
ax

is
A



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 

dynamics
𝑢𝑡



You 
(the designer) The viewer

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑏𝑙𝑎𝑛𝑘

xaxis

y
ax

is



max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡 , 𝑢𝑡

 𝑥0 = 𝑥𝑏𝑙𝑎𝑛𝑘

This is a sequential decision-making problem 
(i.e., optimal control problem)!

But, challenging because design space is huge…



Tractable Approximations



max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡 , 𝑢𝑡

 𝑥0 = 𝑥𝑏𝑙𝑎𝑛𝑘

Dimensionality Reduction
Reduce the size of the design “state” space



max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

Dimensionality Reduction

𝑥



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction

Consider only the “primitives” of the design

ℰ𝑥

encoded design encoded design

encoder

ℰ: ℝ𝑛 → ℝ𝑚 where 𝑛 ≫  𝑚



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction

It’s easier to reason about how “actions” influence the design

Change color

Change position or scale

Change shape



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction

𝑥

Ahn, Michael, et al. "Do as i can, not as i say: Grounding language in 
robotic affordances." arXiv preprint arXiv:2204.01691 (2022).



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction

ℰ

encoder

Flow problem: need to read top-down and left-right

Missing connection Visual repetition 



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction



max
𝑢0:𝑇

Info ℰ(𝑥𝑇) − ViewerEffort ℰ(𝑥𝑇)

Dimensionality Reduction

Use “feedback” arrows to show the repetition 
instead of repeating the graphic 

Output of model  
is highlighted

Use color to connect inner and outer components



max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡 , 𝑢𝑡

 𝑥0 = 𝑥𝑏𝑙𝑎𝑛𝑘

Minimize Control Effort
…by sketching before generating final figures



Minimize Control Effort
…by sketching before programmatically generating figures

timestep

Sketch Final Design 



Minimize Control Effort
…by sketching before running expensive experiments

Sketch

Final Design 



Minimize Control Effort
…by sketching before running expensive experiments

Sketch

Final Design 



Minimize Control Effort
…by sketching before running final simulations

Sketch

Final Design 



Minimize Control Effort
…by sketching before making final figures in PPT

Sketch

Final Design 



max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1

𝑠. 𝑡.  𝑥1 = 𝑓 𝑥0, 𝑢0

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

Greedy Approximation

Plan for greedily for one-step, and replan



When designing, “simulate” an action and compare

vs.



Info 𝑥1 = 5

ViewEff 𝑥1 = 3

𝑥0
Info 𝑥1 = 5

ViewerEffort 𝑥1  = 6

𝑥1 = 𝑓(𝑥0, 𝑐𝑜𝑙𝑜𝑟𝑜𝑟)

𝑥1 = 𝑓(𝑥0, 𝑐𝑜𝑙𝑜𝑟𝑔𝑟)

…

…



Visualizing Space & Time



Visualizing Space & Time
…by using screenshot overlays



Visualizing Space & Time
…by using screenshot overlays



Visualizing Space & Time
…by using transparency



Visualizing Space & Time
…by using colored trajectory overlays  



Visualizing “human-centric” Data
… by using common iconography

Mullen, James F., et al. "Communicating inferred goals with passive augmented 
reality and active haptic feedback." RA-L. (2021)

Bobu, A., et al. "Sirl: similarity-based 
implicit representation learning." HRI 2023.



A Simple Example & Numerical Solution



𝑥 = [𝑒𝑥 , 𝑒𝑦 , 𝑒𝐴 , 𝑐𝐴 , 𝑝𝐴 , 𝑠𝐴 , 𝑒𝐵 , 𝑐𝐵 , 𝑝𝐵 , 𝑠𝐵 , 𝑒𝑔𝑟𝑖𝑑]

𝑢 ∈ { 1,0,0,0,0,0,0,0,0,0,0 , … 0,0,0,0,0,0,0,0,0,0,1 }

“primitives”

𝑒𝑥 ∈ {0,1}

𝑒𝑦 ∈ {0,1}

𝑒𝐴 ∈ {0,1}

𝑐𝐴 ∈ {𝑔, 𝑜}

𝑝𝐴 ∈ {−,− −}

𝑠𝐴 ∈ {0,1}

𝑒𝐵 ∈ {0,1}

𝑐𝐵 ∈ {𝑔, 𝑜}

𝑝𝐵 ∈ {−,− −}

𝑠𝐵 ∈ {0,1}

𝑒𝑔𝑟𝑖𝑑 ∈ {0,1}

𝑓 𝑥, 𝑢 = 𝑥 + 𝑢  % 2

state

control

dynamics

Info 𝑥 = 𝑥
2

ViewerEffort 𝑥 =
+10
−10

− 𝑐𝐴 − 𝑐𝐵 2

𝑝𝐴 − 𝑝𝐵 2

𝑠𝐴 − 𝑠𝐵 2

…

if 𝑒𝑖 = 0, 𝑖 ∈ {𝑥, 𝑦, 𝐴, 𝐵}

if 𝑒𝑖 = 1

more similar the pattern, less effort

more different colors, less effort

more similar std. dev., less effort

objective if I don’t have axes or data, its more effortful to interpret results

max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1



The Optimal Design!



The Optimal Design Trajectory: Info(𝑥𝑇) −ViewerEffort 𝑥𝑇  



If you only care about Info(𝑥𝑇)…

…



If you care more about Info: 𝟏𝟎𝟎 ⋅ Info(𝑥𝑇) −ViewerEffort 𝑥𝑇  …

…



Front Figures



max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1

𝑠. 𝑡.  𝑥1 = 𝑓 𝑥0, 𝑢0

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡



max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1

𝑠. 𝑡.  𝑥1 = 𝑓 𝑥0, 𝑢0

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

+ Impact 𝑥1

Communicate your contribution. 
Show what makes your work “impactful”?



Paper from RSS 2022







Brain expects a relationship 
between title, abstract, front fig



max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1 + Impact 𝑥1

Impact is increased if 
the relationship is clear



Shows real 
robot system

Bg distracts

No insight into 
approach

Disconnect 
from title



Shows real 
robot system

Lightened bg

No insight into 
approach

Disconnect 
from title



Policy Training

physics

Data Augmenter

manip.Shows real 
robot system

Lightened bg

More insight 
into approach

Connected to 
title

Relationship between 
title, abstract, front fig



Paper from RSS 2022

Shows real 
robot system

Irrelevant 
annotations (?)

No insight into 
approach

Bg removed for 
clarity

Disconnect 
from title



Figure shows 
framework

Hard to read 

No insight into 
approach

Paper from RSS 2022

Poor image 
cropping



Shows real data 
/ application

Visualizes  
methodology 

Connected to 
title



max
𝑢0

Info 𝑥1 − ViewerEffort 𝑥1 + Impact 𝑥1

Clear relationship between title, abstract, front fig

ℎ𝑖𝑔ℎ Impact

How do we design this reward function?

Give insight into your approach (e.g., why/how it works)

Use cartoons for “framework” illustrations…

..but also showcase real robots /data if you have it

Highlight (and/or contextualize) your contribution 

You 
(the designer) The viewer



From theory to practice: Slides

Good news – the same principles apply!



icons > text

• Increased 
information

• Increased viewer 
effort

• Increased 
information

• Decreased viewer 
effort

focus on speaker focus on slide 



𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

If I showed you this slide sequence…



𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

use colors to encode meaning



color “rules”

start w/ primary color neutral colors accent color



baseline 2

optimal

ours
baseline 2

optimal

ours

baseline 1 baseline 1



𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

more visible colors*less visible colors

*subject to projector / TV quality and lighting conditions



focus on speaker focus on slide 

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇

𝑠. 𝑡.  𝑥𝑡+1 = 𝑓 𝑥𝑡, 𝑢𝑡

 𝑥0 = 𝑥𝑖𝑛𝑖𝑡

max
𝑢0:𝑇

Info 𝑥𝑇 − ViewerEffort 𝑥𝑇



Where to get

tools
figures
fonts 
color schemes



ToolsPhotoshop*

*usually this is overkill…



Tools
Free Web-browser-based “Photoshop”



Tools
Don’t underestimate the power in PowerPoint ☺

Morph Transition 
makes everything look like you 
spent a lot of time animating it



Tools
Don’t underestimate the power in PowerPoint ☺

Morph Transition 
makes everything look like you 
spent a lot of time animating it



Tools
Don’t underestimate the power in PowerPoint ☺

Slide 1 Copy of Slide 1 + change to circle



Tools
Don’t underestimate the power in PowerPoint ☺

ሶ𝑥 = 𝑓(𝑥, 𝑢)

Really good practice to animate equations “step by step” 



Tools
Don’t underestimate the power in PowerPoint ☺

ሶ𝑥 = 𝑓(𝑥, 𝑢, 𝑑)

Really good practice to animate equations “step by step” 



Tools
Don’t underestimate the power in PowerPoint ☺

Really good practice to animate equations “step by step” 

∇𝑥𝑉 𝑥, 𝑡 ⋅ 𝑓(𝑥, 𝑢, 𝑑)



Tools
Don’t underestimate the power in PowerPoint ☺

Really good practice to animate equations “step by step” 

max
𝑢

min
𝑑

∇𝑥𝑉 𝑥, 𝑡 ⋅ 𝑓(𝑥, 𝑢, 𝑑) 



Tools
Don’t underestimate the power in PowerPoint ☺

Really good practice to animate equations “step by step” 

max
𝑢

min
𝑑

∇𝑥𝑉 𝑥, 𝑡 ⋅ 𝑓(𝑥, 𝑢, 𝑑) +
𝜕𝑉

𝜕𝑡
= 0



The Noun Project

PowerPoint Icons

Figures



Fonts
Google Fonts



Colors

Color palette designers



Colors

Deep-learning-generated palettes ☺ 

Accessible colors



Academic-Specific Resource



Academic-Specific Resource

https://www.youtube.com/watch?v=Rfo5dFD3DLQ



https://cmu-intentlab.github.io/pdf/bajcsy-SIGBOVIK.pdf



Actual graphic design resources

+ many, many more online (esp. YouTube) and in bookstores



Andrea Bajcsy intent
R O B O T I C S  L A B

16-867 Human-Robot Interaction

intent
R O B O T I C S  L A Babajcsy@cmu.edu

Research Skills
Figures & Visuals

Think: tradeoff 
between 

information vs. 
viewer effort

Use heuristics:
- dimensionality 

reduction
- sketch first; code 

later
- highlight key idea

Tools:
- Photoshop (e.g. to 

remove 
backgrounds)

- thenounproject.com 
(for icons)

- Color palette 
generators

https://thenounproject.com/
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